The Erasmus Program (EuRopean community Action Scheme for the Mobility of University Students), the most important student exchange program in the world, financed by the European Union and started in 1987, is characterized by a strong gender bias. Girls participate to the program more than boys. This work quantifies the gender bias in the Erasmus program between 2008 and 2013, using novel data at the university level. It describes the structure of the program in great details, carrying out the analysis across fields of study, and identifies key universities as senders and receivers. In addition, it tests the difference in the degree distribution of the Erasmus network along time and between genders, giving evidence of a greater density in the female Erasmus network with respect to the one of the male Erasmus network.
Introduction and prior research on the Erasmus program
At its 30 th anniversary celebrations in 2017, the Erasmus program counted more than 9 million participants since its creation, increased to more than 10 million in 2018. The program, which allows its participants to study or take an internship in a foreign country, 1 has become very popular among university students whose participation is increasing year after year. Its popularity has made it a true cultural phenomenon, and, given the successful outcome of Erasmus+, the European Commission has proposed, for the 2021-2027 plan, to double the funds allocated to the program in order to support the mobility of 12 million people, making the program more inclusive, allowing the participation of those coming from disadvantaged families background and less inclined to international mobility. With its objective of inclusion, the program has also become a cornerstone for equal opportunities, with many of its projects, for example, directly aimed at the promotion of gender equality. Nevertheless, the participation in the Erasmus program itself is characterized by a remarkable and long-lasting gender bias, that favours women, since its launch.
Evidence shows that the number of women participating in the program has been higher than that of men up to the 1990s [1] . This gender gap is reported by [2] for the academic year 2011-12, across both countries and subject area. In this cross-sectional analysis, the authors specifically study the over-representation of female Erasmus students by comparing tertiary education statistics with the Erasmus data using a null model for which it is assumed that the population of Erasmus students is randomly drawn from the student population of participating countries. More broadly, the evidence of a bias in favour of female students in the Erasmus program can be related to the research suggesting that women participation in global academic mobility is large due to the growing number of women enrolled in higher education, as well as the greater gender parity across the world [3] . Globally, this pro-female trend may be attributed also to the opportunities provided by targeted scholarship and fellowship programs for under-represented groups to pursue advanced study outside their home countries. The development of emerging economies and women's emancipation in developing countries also play a role, as in the case of China, which saw an economic boom along with a change in the role of women, who became more individually-oriented and delayed their marriage age [4] . Nevertheless, under-representation of women among inbound international higher education students is highly significant in some countries, as in the United States, where although the progress made in the last decades, the gender imbalance in terms of incoming international students is still widening, possibly because of the rising number of international students in STEM-related fields which are typically dominated by male students and, at the same time, very attractive to international students in the United States [3, 5] . In Europe, the United Kingdom, instead, hosts more female international students rather than male students [5] and also shows evidence that U.K. female graduates are more mobile than men graduates [6] . The authors rationalize this outcome by suggesting that women use migration as a form of compensation for gender discrimination in accessing the local labour market since spatial employment exploration could allow identifying better job opportunities.
This work solely focuses on Erasmus mobility for study reason. The aim is to analyse the gender difference in the participation in the program and the elements contributing to the existence and persistence of this bias. We use the data available on the EU Open Data Portal, which correspond to six datasets, describing students flows between universities in European countries since a.y. 2008/09 until 2013/14.
First of all, the paper explores the Erasmus students network and studies the relationships between universities in the network. By studying the weighted directed network of students the paper identifies the most important hubs hosting and sending students abroad, providing a picture of the participation to the program, by gender and across fields of study. A network approach to the Erasmus mobility is also used in [7] , which analyse Erasmus students mobility in 2003 by studying the related non-directed and non-weighted graph and its directed and weighted graph, where nodes are represented by European universities and links are connections between pair of universities. The authors focus on the study of network properties and topology and their findings suggest that the degree distribution of the network follows an exponential distributional model and that the Erasmus network of universities cannot be considered a scale-free network, but rather a small-word type of network with a giant component.
Secondly, gender imbalance is further studied in terms of the degree distribution of the Erasmus network. Considering the directed and unweighted Erasmus network of universities, the analysis explores the possible changes in the indegree and outdegree distributions along time and between gender and tests a power law fitted model to the data.
The paper is organized as follows: the first section provides a description of the data used in the analysis; the second section performs a quantification of the Erasmus program general trend and gender imbalance in student flows across fields of study; the third section analyses the networks that can be identified in the data; the fourth section compares the network indegree and outdegree distributions over time and between genders; finally, the conclusive section summarizes the results of the analysis and draws some final observations regarding the possible future evolution of the gender bias in the Erasmus program.
Data
Data used in the analysis are available at the EU open data portal and are freely accessible. They consist of 6 datasets corresponding to the academic years from 2008/09 to 2013/14 and they contain observations for each participant to the mobility in the relative a.y. including information on the type of mobility (study or placement), the home country and the host country, the home university and the host university, the field of study coded in the ISCED 1997-2011 classification [8] , the participant gender, the level of study (first or second cycle), the duration of the mobility, the amount of the grant received and the language used in the mobility. We only consider observations related to study mobility type and clean the data of mistakes present in the original datasets. network of universities, offering a very detailed level of analysis, which so far has been little explored in the literature (an example is found in [7] ). Data allow also to consider both the unweighted and the weighted network, when accounting for the flow of students moving from one university to another one abroad. In addition, knowing the participants' gender permits to study the gender balance in the students flows, as well as to decompose the unweighted network in the male-network and the female-network, in order to investigate potential gender imbalances in the connections between universities. Finally, the analysis can be conducted across field of study and considering a significant time span, with respect to the cited literature.
The Erasmus program
Erasmus stands for European Region Action Scheme for the Mobility of University. 2 It is a student mobility program created by the European Union in 1987. The program started with the idea of allowing European university students to study abroad in a European university, with the legal recognition of the mobility in the home university and providing a scholarship to cover the additional cost for studying in another country of the EU for a period of between three months and one year. The work that led to the official approval of the program saw the involvement of universities from all over Europe in order to establish the legal and financial basis necessary to develop and manage organisational and educational cooperation between universities underpinning the Erasmus program [10] .
The objectives of Erasmus+ and the original Erasmus program can be summarised in strengthening the European identity, increasing individual skills and, thus, their employability. By creating opportunities for study, training, work experience and volunteering abroad, Erasmus aims to respond to the problems of unemployment and skills shortages in Europe and to modernise education and training systems. Erasmus+ is, in fact, part of a socio-economic context that, on the one hand, counts more than 3 million young Europeans unemployed in 2019, with youth unemployment rates reaching 30% in some countries, and on the other hand, almost 4 million job vacancies, with more than a third of employers reporting difficulties in recruiting staff with the required qualifications 3 . In addition, the Erasmus program is considered a successful example of European integration and a symbol of the construction of European identity.
General trend
Over time, Erasmus has become an essential part of the unified European mobility programs in the area of education Socrates I (1994) (1995) (1996) (1997) (1998) (1999) , Socrates II (2000) (2001) (2002) (2003) (2004) (2005) (2006) and Lifelong Learning Program (2007-2013) and has grown in size. The program started in 1987 with 11 participating countries and 3244 students on mobility and reached 33 participating countries in 2018 and 325495 university students on mobility for study reason (see Figure 1 ).
The growth in the number of participating students has followed the growing trend of the countries participating in the program, which in many cases joined Erasmus before becoming EU Member States. This is the case of Austria, Finland and Sweden, for example, which became EU Member States in 1995 (as shown in Figure 1 ), but joined the Erasmus program as early as 1992; or the case of those countries that joined the EU in 2004 but have been participating in Erasmus since 1998 and 1999. The number of students participating in the mobility saw an unprecedented increase in 2015, going from 213879 to 291383, although the number of participating countries remained almost unchanged. In 2014 the program became Erasmus+ and changed its structure (with the EU Regulation 1288/2013): it is no longer exclusively dedicated to education, but also to training, youth and sport, and it no longer restricts participation to university students only, but also admits, for example, school and university teaching staff, as well as administrative staff. Therefore, it is an integrated program which has incorporated all the funding mechanisms for school and university student mobility implemented by the European Union until 2013 (e.g. Comenius, Leonardo Da Vinci and others). In 2013 the program reaches the largest number of participants, 34, the 28 EU Member States plus Switzerland, Iceland, Liechtenstein, Norway, North Macedonia and Turkey. Since 2014, Switzerland no longer enjoys the status of participant to the program, but it is now a partner country, i.e. it has adopted a transitional solution financed with Swiss funds which still allows Swiss people and institutions to take part in the program. In 2019, participant countries have been 34 again with the official entry of Serbia. €14.7 billion were allocated to the Erasmus budget for the period 2014-2020, 40% more than the previous 2 The name of the program comes from the Latinisation of the name of Erasmus of Rotterdam. The success of this program has led to the use of naming other European programs after famous personalities from various European cultures such as Socrates, Leonardo or Comenius [10] .
3 Source: Eurostat 2019. The green vertical lines identify some enlargements of the EU. Note that the value for the year 2014 is not an ex post figure, but a projection [11] .
programming period, and, as already highlighted, for the period 2021-2027 the European Commission has proposed to double the figure to €30 billion [12] . The program continues to grow with the aim of becoming more powerful and inclusive. Figure 2 shows the amount of female and male participants in the Erasmus program for some selected years and the relative ratio between female and male students. The number of both female and male students grow following the growing general trend in participation seen in Figure 1 , with female representing a large majority for each year. Nevertheless, the ratio F/M slightly decreases over the years considered signaling a wider participation of men.
Gender balance
Differences between gender can be observed more in detail across fields of study. In this case, to obtain a clearer visualization, we use a transformation of the ratio F/M based on [13] , given by:
where the superscript B stands for bounded. The A somehow specular situation can be identified in the field of Engineering, manufacturing and construction where the male predominance characterizes the sector, although the cloud is less concentrated around the bisector and rather flattened, taking for the incoming flows a horizontal shape, which pushes towards the right side, revealing that for a few countries such as Bulgaria, Sweden, Estonia and Hungary the sector once dominated by female students in mobility changed tendency with a predominance of male students in 2013 ( Figure 3 ). For the outgoing flows the cloud of countries shows more stability over time, with the exception of Sweden, Portugal and Greece, where the field once heavily dominated by outgoing male students had a reversed tendency in favor of female students in 2013 ( Figure 4) .
A horizontal cloud shape can be identified also in the field of Health and welfare, for example, both for the incoming and the outgoing flows. Especially for the former, a group of Eastern countries (see Latvia, Poland, Slovakia) saw a decrease of the measure of bias thus in favor of a growing number of male students, up to cancelling out the bias in the case of Romania.
The same can be observed in the incoming flows of students in Business, administration and law, Social sciences, journalism and information, where about the same group of Eastern/Northern countries reduces the gender bias over time in favor of a greater male participation, and in the Information and Communication Technologies (ICTs), where Mediterranean countries see a tendency towards gender parity in a field for the most part dominated by male students.
On the contrary, note the vertical shape that the cloud of countries take for the outgoing flows in the ICTs and Social sciences sectors, revealing an increase in gender disparity over the years considered.
Finally, in the fields of Agriculture, forestry, fisheries, veterinary and Services it is not possible to identify a general trend, as the cloud of points show heterogeneity in the gender balance among countries; in the field of Natural sciences, Mathematics and Statistics, instead, the cloud of countries is concentrated in proximity of the origin of the axis, pointing out gender equity along time, in a sector usually characterized by a larger male presence as common in the STEM-fields [14, 15] .
Briefly, decomposing the analysis over time across fields of study confirms what observed in general in Figure  2 . The gender imbalance in participation in favor of women has been decreasing over the time span considered and, in particular, this reduction is observed for the groups of Eastern and Mediterranean countries. 
Plain Vanilla Network Analysis
In this section we will visualize, describe and summarize the characteristics of the Erasmus program, comparing its structure in 2008, the initial year in our time span, with 2013, the last year, keeping the resulting network of student flows separated by gender.
The directed network N can also be explored in its weighted version, by accounting for the flow of students that each link has. By looking at the country level this time, the analysis allows to understand how, if on the one hand the number of participant countries has been stable in the last decade, as pictured in Figure 1 , the level of participation of each country is instead pretty heterogeneous, with student flows accounting for different proportion over the number of students enrolled at university. Table 1 shows the percentage indegree and outdegree measures for each country, weighted by the flow of incoming and outgoing students, averaged over the years [2008] [2009] [2010] [2011] [2012] [2013] and normalized to the total number of students enrolled in higher education. For the incoming flows, the weighted indegree measure highlights the role of countries such as Spain, France, Great Britain, Germany and Italy as destination for European university students; while for the outgoing flows, the weighted outdegree measure draws attention to the role of small countries, such as Liechtenstein and Luxembourg, where a considerable part of the student population enrolled in higher education participates in the program. 4 The formula of the density is in this case γ2008 = m 2008 n(n−1) = 102310 3148×3147 ≡ 
Degree Distribution Analysis
By considering the non-weighted Erasmus network of universities participating in the program, we analyse the degree distribution of this network by gender and along time, using 2008 and 2013 as initial and final benchmark years. Two universities are connected by a female-link (male-link) if there is at least one female (male) student moving from one university to the other one. As the network is directed, we observe both the indegree and the outdegree distribution. As common in most real networks, the degree distribution appears to be right skewed in all cases. Tables 2 and 3 collect summary statistics for every distribution considered together with the estimated values of skewness and kurtosis. The degree distributions appear to be far from the normal or the exponential model, as instead observed in [7] and thus they can be identified as "heavy-tailed" [17] . Comparison along time Figure 5 and Figure 6 compare the complementary cumulative distribution function (CCDF), P r(X) ≥ x, on a log-log scale respectively of the indegree and the outdegree for the years 2008 and 2013, for male and female links. Looking at the indegree distributions, both 2008 data are positioned under the 2013 and, especially for the female case, the CCDF corresponding to 2013 appears "fatter" in its central part, while the former looks more stretched. The tail of the distribution appears to have squeezed along the years considered. This is not visible for the outdegree distributions, which seem to have maintained the same shape along time. The routine employed for fitting heavy-tailed distributions is developed by [19] and based on [20] ; it relies on maximum likelihood estimators and goodness-of-fit based approach to determine the cut-off x min . In particular, the optimal choice of x min is determined by minimizing the distance D between the probability distribution of the data and the best-fit power law model, measured by the Kolmogorov-Smirnov (K-S) statistic: where S(x) is the Cumulative Distribution Function (CDF) of the data and P (x) is the CDF for the power-law fitted model.
Following the framework proposed by [20] , the visual inspection and the distribution fit are complemented with a goodness-of-fit test, based again on the K-S. Via bootstrapping, a distribution of the K-S statistic is generated following the creation of a large number of power-law distributed synthetic data sets with scaling parameter α and lower bound x min equal to those of the distribution that best fits the observed data. A p-value is thus generated as the fraction of the time that the K-S statistic is larger than its value for the empirical data. The p-value quantifies the following hypotheses:
H 0 : the power law fitted model is a plausible option H 1 : the power law fitted model is not a plausible option Table 4 collects the estimated values for the scaling parameter α and the threshold value x min for each power law fitted model and shows the relative K-S statistic together with the p-value resulting from the goodness-of-fit test for each case. As in [20] we decide to rule out the power law hypotesis if p ≤ 0.1; this is the case for the female indegree distribution in 2013 and the male indegree distribution in 2008, which therefore are not well described by a power law. For the sake of accuracy, the analysis is complemented with a Vuong's test comparing the power law fit with a log normal distribution fit, which suggests that there is not a preferred model between those tested [21] .
Although it is not trivial to identify the best distributional model for the degree distributions, some observations can be drawn. For the indegree distribution we observe an opposite behaviour along time in the tail of the female and male distribution. The former has squeezed along the years considered, so that the test conducted supports the hypothesis that the power law model is no longer a good description for the tail of this distribution. On the contrary, the male indegree distribution shows a "heavy" but not "fat" tail in 2008, meaning that it goes to zero slower than an exponential model but faster than a power law; in 2013, instead, the tail of the male indegree distribution seems to have stretched and proves to be well described by a power law. This change in the distributional model suggests that starting from a situation characterized by strong gender imbalance in favor of female connections, the Erasmus network has been moving towards an increased gender parity in its incoming connections.
On the other hand, the outdegree distributions remain pretty stable over time and do not behave much differently by gender. We can hypothesize that when new universities adhere to the program, they follow a mechanism of preferential attachment, as described in [7] : they connect with the most popular hubs, with high indegree values, not necessarily receiving a connection in the opposite direction, so that the outdegree value increases for those observation located in the core of the distribution while not affecting the behaviour of the tail.
In general, the results of our analysis suggest that the degree distribution of the Erasmus network has changed along time and findings by [7] do not hold true with the most recent data.
Conclusions
The Erasmus Program is characterized by a strong gender bias in favour of female students. This work quantifies the gender bias in the Erasmus program between 2008 and 2013, using novel data at the university level from the EU open data portal. After describing the structure of the program in great details, carrying out a descriptive analysis across fields of study, and identifying key universities as senders and receivers, the paper gives emphasis to the multi-dimensionality of the gender bias across countries and fields of study. It is evident that with minimal oscillations along the years, the gender bias persisted over time, with a proportion of female over men of 1.38 to 1. This is due to the denser network of connections involving female students, that prevail in fields such as Arts and Humanities, and Business Administration and Law. The paper, also, tests the difference in the degree distribution of the Erasmus network along time and between genders, giving evidence of a higher prevalence of universities in the female Erasmus network receiving higher level of inflows respect to the one of the male Erasmus network. Finally, some evidence of change is shown along time: the bias in favor of female students is strongly reduced especially in fields such as Social Sciences, journalism and information; Information and communication technologies; Health and welfare; and in Business Administration and Law. These changes are more relevant in Eastern European and Mediterranean countries and can foster the convergence of male and female students flows possibly resulting in a future reduction of the bias after thirty years.
